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In Rough River Lake, Kentucky, effects of controlled
harvest of some biological characteristics of smallmouth
buffalo were investigated from December 1979 through July
1980.

Spawning activity was monitored from 28 March

through 24 July with buffalo larvae occurring for one week.
A successful spawn was precluded by non-optimum water
levels or other conditions operating in the lake.
Commercial harvest was monitored from December 1979 through
March 1980, and age and growth features were determined
from 783 smallmouth buffalo representing a portion of the
3955 buffalo removed from Rough River Lake in 1979-80.

A

population estimate of the Rough River Lake smallmouth
buffalo was determined from cove rotenone data obtained in
June and July 1980 in conjunction with the Kentucky
Department of Fish and Wildlife Resources.

Average weight

and coefficient of condition (K) were similar for specimens
harvested in 1978-79 and 1979-80.

The most obvious effects

of commercial harvest since 1977-78 were the reduction in
numbers and biomass of smallmouth buffalo with an increase
in individual weight.
viii

INTRODUCTION
Undesirable fish species of the United States, in
terms of value for sport fishing or table fare, have been
labeled with such names as "rough," "coarse," or
"underutilized."

The species often included in the

undesirable category include carp, buffalo-fish, gar, bowfin,
drum, carpsuckers, and others depending on the origin of the
compilation.
varied.

Reasons for favoring "rough fish" removal are

Moen (1946) stated that rough fish removal in Iowa

had been carried on since 1909 and listed six reasons why
these fish were considered undesirable.

They were

1) poor

food and sporting quality, 2) competition for food with more
desirable species, 3) high fecundity, 4) rapid growth rate,
5) destruction of aquatic vegetation, and 6) increased
turbidity in lakes where rough fish were present.

All

people do not share the prejudices against these species,
however, and some species have proven to be viable food
resources on the commercial market (Jester 1973).

Another

benefit of rough fish removal programs is better
utilization of these untapped resources.

In order to try

and initiate better management and, in some instances,
obtain a marketable product, fishery biologists across the
country implemented such programs.

1

2
Rough fish removal programs in the United States have
met with varying amounts of success.

Ricker and Gottschalk

(1941) reported decreased turbidity after rough fish
removal in Bass Lake, Indiana, causing return of aquatic
vegetation and increased abundance of gamefish.

Rose and

Moen (1953) reported a very significant increase in gamefish
in East Okoboji Lake, Iowa, following an intensive rough fish
removal program.

Lambou and Stern (1958) followed a removal

program of shad, buffalo-fish, gar, catfish and others in
Clear Lake, Louisiana, with a five year creel census to
determine effects on the gamefish population.

Bass in the

fishery increased in number and biomass from one percent and
four percent, respectively, the first year to 12.8% and 47%,
respectively, the fifth year.

The removal of freshwater

drum in Lake Winnebago, Wisconsin, (Priegal 1971) was
followed by a noticeable increase in gamefish species.
Positive effects of removal of undersirable fishes have not
always been in evidence, however.

Jester (1971) reported

reduced density and biomass of buffalo-fish in Elephant
Butte Lake, New Mexico, after harvest but reported 68% of
the weight of the buffalo removed to be replaced by another
rough fish, the carpsucker.

Horel and Huish (1960) working

on Lake Trafford, Florida, and Moody (1957) on Lake
Panasoffkee, Florida, showed no significant effects of rough
fish removal on remaining populations

Moyle et al. (1950)

showed no permanent effect in reducing the size of carp and
buffalo in Minnesota lakes.

Houser and Grinstead (1961),
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following removal of bullhead catfish and sunfishes from a
small sportsmen club lake in Oklahoma, reported good recovery
of bullheads.

An actually decreased standing crop of

sunfishes in terms of both numbers and pounds, however, was
also reported.
It is obvious from the literature that different
species of fish in conjunction with unique physical and
chemical parameters of water bodies in which they exist
must be treated as individual entities.

No set answer

exists to the question of the effects of rough fish removal
on the remaining populations, but the more work that is
done, the more that can he learned as to how these natural
resources can best be utilized.

In the meantime, the

concept of fisheries management described by Grice (1958)
must be presumed correct.

It states that an inverse ratio

exists between the density of a population and the growth
rates of individuals.

Growth rates therefore can be

increased by reducing population density through removal
of individuals.
This type of situation involving buffalo-fish
management has existed in Rough River Lake, Kentucky, since
its impoundment in 1961.

The smallmouth buffalo, Ictiobus

bubalus (Rafinesque), is a member of the sucker family,
Catostomidae, and has been mentioned as a possible limiting
factor on gamefish species (Jester 1973) with its sole
attribute being its marketability as a human food source.
It is an important reservoir species (Hoyt 1979), reaching
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a weight of 13.62 kg (30 lbs.) and producing large numbers
of harvestable individuals.

Its range in the United States

is from Lake Erie south to Mexico (Martin et al. 1964) and
it has been reported in the Mississippi, Ohio, and Missouri
River drainages reaching as far West as New Mexico and
Arizona (Jester 1973).

The smallmouth buffalo is the

dominant commercial species in Rough River Lake composing
58.5% of the total catch from 1974-76 (Hoyt et al. 1976),
and 82% of the number (76% of the weight) from 1977-79
(Hoyt 1979).
After an initial commercial harvest of large buffalo
specimens in 1967-70, the remaining population increased in
numbers rapidly with a subsequent decrease in weight gain
(Hoyt et al. 1976).

A massive natural mortality was

observed in 1975-76 which led to the management decision to
implement controlled commercial harvest of rough fish
species in the lake (Hoyt 1979).
The objective of this study was to determine the
effects of removal of a large number of adult buffalo-fish
from Rough River Lake on the remaining population by
1) determining the density and distribution of larvae
resulting from the 1980 spawn, 2) outlining the biological
characteristics of representative specimens including
growth rates and age class composition in the lake
following harvest, 3) estimating the size of the total
population in the lake following harvest, and 4) comparing
the above data with historical information.

STUDY AREA
Rough River Lake, a small impoundment in west-central
Kentucky, is located in the Green River Watershed (Hoyt et
al. 1976).

The lake was impounded in 1961 with the

construction of an earthen fill dam at River Kilometer 144.
The lake impounds 63 kilometers of the Rough River at
seasonal pool with a surface area of 2,064 hectares and
total volume of 140,000,000 m3 of water.

The lake drainage

area occupies 1176 km2 of Breckinridge, Grayson, and Hardin
counties, Kentucky.

The Rough River has an average

gradient of 0.75 m/km along the impoundment floor (Hoyt and
Flynn 1974).

Rough River Lake, including its entire

drainage area, is part of the Pennyroyal or Mississippian
Plateau physiographic region.
Larval fish were collected at two previously disignated
stations.

One station was established in the upper end of

Peter Cave Creek, above the Highway 737 bridge, Grayson
County, Kentucky (Fig. 1).

The other station was located

0.25 km upstream from the mouth of Peter Cave Creek in the
main channel of the South Fork branch of the lake.

The

commercial harvest of smallmouth buffalo occurred, to the
largest extent, at the confluence of the north and south
forks of the lake.

5
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Figure 1.

Map of Rough River Lake, Kentucky, showing
the location of the collecting stations.
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PHYSICO-CHEMICAL
Physico-chemical features including temperature,
dissolved oxygen, total hardness, and total alkalinity were
determined in an area of the lake between the two South
Fork collecting stations from 28 March, 1980 through 24
July, 1980 (Fig. 2, 3, and 4).

Temperature and dissolved

oxygen determinations were made from both surface and
bottom samples, while pH, total hardness, and total
alkalinity were recorded from surface samples only.
Identical surface and bottom temperatures of 11 C
existed at the beginning of the study (Fig. 2).

Water

temperatures steadily increased throughout the study.
Surface and bottom temparature and dissolved oxygen
readings differed by an average of 4.2 C and 3.8 ppm,
respectively.

The largest variation in temperature

occurred on 25 April, 1980, when surface and bottom readings
were 20 C and 13.5 C, respectively.

Surface and bottom

dissolved oxygen readings differed by a median of 4 ppm
from 28 March, 1980 through 19 May, 1980 (Fig. 3) at which
time heavy rains caused a great influx of groundwater
runoff into the lake, raising the pool elevation and mixing
surface and bottom waters.
identical at 8 ppm.

Dissolved oxygen readings were

The greatest difference in surface
7

8

and bottom dissolved oxygen readings occurred on 27 June
with readings of 10 ppm and 2 ppm, respectively, suggesting
that the lake was stratified at that time.

9

Figure 2.

Temperature, in degrees Celsius, for the
surface and bottom of Rough River Lake,
Kentucky, March through July 1980.
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Figure 3.

Dissolved oxygen, in milligrams per liter, for
the surface and bottom of Rough River Lake,
Kentucky, March through July 1980.

Figure 4.

Total hardness and total alkalinity in
milligrams per liter and pH for the surface
of Rough River Lake, Kentucky, March through
July, 1980.
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METHODS AND MATERIALS
Larval fish sampling trips commenced on 28 March, 1980
and were concluded on 24 July, 1980.

Larval fish were

sampled with two conical plankton nets, 3 m in length with
a circular mouth 1 m in diameter of 505 p and 800 p mesh
sizes.

The net bridles were tied on each side of the boat

to a tow bar mounted on the front.

The net bridles

consisted of three 1.3 m lengths of rope tied at equal
distances around the net mouth and joined in front of the
net.

Organisms entering the net were funneled into a PVC

collecting bottle, 7.62 cm diameter, 35.6 cm long, attached
to the tapered end of each net.

A digital flowmeter was

suspended in the center of the mouth of the 505 u mesh net
and determination of the volume of water, in cubic meters
filtered, was calculated by the formula
sampled.

mr2 x distance

Net tows were made at a rate of approximately

0.4 m/sec. and covered about 200 m of the lake in
approximately 8 min.
Collections were made weekly from 28 March, 1980 to
24 July, 1980, with two collections per week being made
for the period 18 April to 30 May.

During the period

when two collections were made per week, one was taken
during daylight periods and one during darkness.
12
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A total of nine sample tows (2 nets/tow) was made on
each collecting trip, three surface pulls in the upper
reaches of Peter Cave Creek, five surface pulls in the main
collecting station, and one bottom pull (7 m deep) in the
original river channel of the main collecting station.
Surface tows were accomplished by attaching the bridle ring
to a styrofoam block, and bottom net tows were made by tying
a 15 kg depressor to the bridle ring.
equipped with closing devices.

Nets were not

Larval fishes were washed

into sampling jars and fixed with 5-20% formalin, depending
on the amount of leaf litter and other debris present in
the lake at time of collection.
Larvae were sorted using a dissecting microscope and
distinguished from other larval specimens with keys by May
and Gassaway (1967) and Hogue et al. (1976).

Assuming a

130:1 smallmouth buffalo to black buffalo ratio to exist
in Rough River Lake (based on commercial species harvested)
and, because differences in the two species could not be
distinguished in larval specimens, all buffalo larvae were
presumed to be smallmouth species.

Total length of

smallmouth buffalo larvae was recorded to the nearest
0.5 mm.
The collection of commercial harvest data commenced
on 2 December, 1979 and concluded on 31 March, 1980.

Two

commercial fishing groups, having purchased Kentucky
Department of Fish and Wildlife Resources commercial
fishing permits, provided data for the study.

Commercial

14
tackle consisted of gill and trammel nets, 91 in long with
a minimum mesh size of 9 cm (3.5 in.).
24 hours per day.

Tackle was fished

Fisherman were visited on the days they

took fish to market and total length (TL) in centimeters,
total weight in kilograms, and scale samples of smallmouth
buffalo obtained.
Age determination of adult buffalo was based upon
scale analysis.

Scale images were projected upon a white

background with a Kodak Ectographic, Model B-2 slide
projector.

Annulus location was based upon the "cutting

over" phenomenon and the compacting of circuli formed
during winter months when reduction in growth rate occurred.
The number of annuli, distance between annuli, and radius
length was recorded from the left lateral anterior margin
of the scale.
Total length of fish at annulus formation was
calculated using the corrected direct proportion method of
Lee (1920), L = a + bs, where L = total length in
millimeters, and a and b are empirically derived constants,
S = scale radius length, and L' = S'
(Everhart et al.
1975), where
L' = length of fish at annulus formation,
L

= length of fish at time of scale sample,

S' = proportion of radius length from scale focus
to annulus, and
S

= radius length (distance from scale focus to
margin).
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The length-weight growth relationship was determined with
the formula W = aLn, where W = total weight in grams, a and
n are empirically derived constants, and L = total length
in millimeters.
Coefficient of condition (K) was determined by using
w x
, where KTL is condition for total length in
KTL
L3
millimeters, W is total weight in grams, and L = total
length in millimeters.
Cove rotenone studies were conducted on 9 June and 14
July, 1980 in two separate study sites, totaling 2.17
hectares (5.37 surface acres).

Sampling was done in

conjunction with Kentucky Department of Fish and Wildlife
Resources biologists.

Total length, total weight, and

scale samples were taken from all smallmouth buffalo on
the first day of each three day study.

Age determination

was based on scale analysis as earlier described.

RESULTS
Larval Fish
Fifteen buffalo larvae and one juvenile were collected
in 24 sampling trips from 28 March - 24 July, 1980 (Tables
I and 2).

The 24 collections included 18 daylight and 6

early-darkness trips.

The 16 buffalo represented 0.01% of

the total of 154,454 larval fish collected during the study.
On 2 May 1980, at a surface water temperature of 19 C,
the first spawning activity considered to be that of buffalo
was observed in Peter Cave Creek.

No larvae were collected

following that activity, however.

Similar behavior was not

noticed again until after heavy rains and a subsequent rise
in lake water levels on 19 May.

On that date, what appeared

to be buffalo were observed vigorously spawning along a
400 m reach of the northern shoreline of Peter Cave Creek at
a water temperature of 19 C.

Three days later, on 22 May,

five larval buffalo were collected along the same 400 m of
shoreline at a surface water temperature of 22 C.

That

same night, three buffalo larvae were collected from the
South Fork station (Table 2).

No further indication of

spawning was observed and buffalo larvae were taken on only
two other occasions.

Larval buffalo were taken on 27 May

and 30 May at water temperatures of 24.5 C and 25 C,

16
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respectively.

The last day of larval sampling, 24 July,

provided the remaining specimen, a 41 mm juvenile, found
floating on the surface of Peter Cave Creek.
Ten prolarvae, five postlarvae, and one juvenile
composed the total of 16 buffalo collected during the study.
Prolarvae averaged 5.3 mm TL with a range of 4-8 mm and
were present in the collections of 22, 27, and 30 May.
Postlarvae appeared only on 27 May averaging 9.0 mm TL, with
a range of 8-10 mm.

One juvenile buffalo, 41 mm TL, was

collected on 24 July, while floating on the surface of
Peter Cave Creek after an apparent recent death.
Ten buffalo larvae were collected in the South Fork
station while the remaining five were taken from Peter Cave
Creek (Table 2).

Fourteen larvae were collected along

vegetated shorelines, one in the lake channel at a depth of
approximately 7 m.

Ten larvae were collected during

daylight hours and five at night.
Larval densities were similar in Peter Cave Creek
(0.211 larvae/100 m3) and in the main South Fork station
(0.214 larvae/100 m3).

Based upon the density of larvae

in both collecting stations (0.213 larvae/100 m3) and the
volume of the lake (140,000,000 m3), it was determined
that approximately 298,200 larval buffalo, between six and
10 mm TL, existed in Rough River Lake by the end of May,
1980.

18

Table 1.

Dates for day and night larval fish collecting

trips to Rough River Lake, Kentucky, 28 March - 24 July,
1980.
Night

Day
28 March
4 April
11 April
18 April

22 April

25 April

29 April

2 May

5 May

9 May

12 May

16 May

19 May

22 May*

27 May

30 May*
6 June
13 June
20 June
27 June
3 July
10 July
17 July
24 July

N = 18
*Dates larval buffalo were collected.

N = 6
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Table 2.

Number and average total length in millimeters of

larval buffalo collected from the surface (S), bottom (B),
shoreline (Sh), and open water (0.W.) area of Peter Cave
Creek and the South Fork station of Rough River Lake, 28
March - 30 May, 1980.
Date
S

South Fork
B Sh 0.W.

22 May
(Day)

3

27 May
(Night)

1

30 May
Totals

Table 3.

Peter Cave Creek
S B Sh O.W.

0

1

3

TL
nun

4.75

5

6.70

1

8.00

9

0

0

0

5

0

Number of larval buffalo collected per 100 cubic

meters of lake water sampled at the South Fork Station and
Peter Cave Creek, 28 March - 24 July, 1980.
Date

South Fork

Peter Cave Creek

Total

22 May

0.186

0.590

0.325

27 May

0.418

0.000

0.283

30 May

0.062

0.000

0.041

0.214

0.211

0.213

Totals

20

Biological Characteristics
A total commercial harvest of 3,955 buffalo (smallmouth
and black), weighing 931.4 kg (approx. 20,200 lbs.) occurred
in Rough River Lake from 1 November, 1979 to 31 March, 1980.
Population characteristics (age, growth in terms of
length and weight, the length-weight relationship,
coefficient of condition, and standing crop) were obtained
from smallmouth buffalo taken in commercial tackle (N = 738)
and cove rotenone sampling (N = 45) from Rough River Lake,
Kentucky, 1 November, 1979 through 31 March, 1980.

Smallmouth buffalo ranged from II to XI years of age
(Table 4).

Age Group VI fish were dominant with 419

individuals representing 547 of the total population, while
VI and VII year olds combined represented 77% of the total
population (Fig. 5).
the study.

Ten year old fish did not appear in

Age Groups II, III, and XI were represented by

only one specimen in each of the respective year classes.
Growth
Back calculations of total body length at time of
annulus formation (N = 783) were based upon the body-scale
relationship:
(Fig. 6).

Y(Scale radius) = 0.76 mm + 0.1978 mm TL

No correction factor was applied to the equation

since the regression line crossed the Y-axis.

The average

total length at time of annulus formation (N = 783) was
510 mm, ranging from 318 mm to 629 mm.

Fish taken in
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commercial tackle (N = 738) had a higher average total
length (512 mm) than fish obtained in cove rotenone samples
(486 mm; N = 45).

Growth increments in length were highest

during the first year of life and declined in succeeding
years until year VIII at which time a slight increase
occurred through year XI (Table 5).

Seventy-nine percent

of the total length occurred in the first six years.

The

remaining five years (VII-XI) had total length increases of
only 217.

The smallest percentage increase in total body

length was in 1976 when a one percent, or 3 mm increase
occurred.
The average total weight of all smallmouth buffalo
(N = 783) was 2.12 kg (4.66 lbs.) as indicated in Table 6.
The 738 buffalo commercially harvested in net tackle were
heavier than the fish obtained in rotenone samples, 2.14 kg
(4.71 lbs.) and 1.89 kg (4.16 lbs.), respectively.

Weights

ranged from .59 kg (1.3 lbs.) to 4.99 kg (10.98 lbs.).

The

smallest buffalo taken in 9 cm minimum mesh size commercial
netting was 1.13 kg (2.49 lbs.).

Growth in weight was

greatest in the later years with 57% of total weight being
gained from Age Groups VI-XI and only 437 being attained
from 1-VI (Table 6).

However, VIII year old fish exhibited

the smallest yearly weight gain of 37 g; only a two percent
increase.

Buffalo exhibited their largest weight gains in

years IV and XI with increases of 504 g and 523 g,
respectively.

N=1

N=0

N=4

N=43

N=186

N=419

N=121

N=7

N=1

N=1

XI
(629)

X

IX
(562)

VIII
(547)

VII
(525)

VI
(506)

V
(490)

IV
(477)

III
(368)

II
(318)

Age
Group
99

1969
186

1970

117

264

1971

108

206

359

1972

112

215

277

415

119

221

293

378

463

Year Spawned
1973
1974

127

235

308

379

411

496

1975

199

246

322

393

436

467

522

1976

140

291

335

404

452

475

499

553

1977

138

276

377

415

456

487

508

532

585

1978

277

341

451

463

490

538

535

554

620

Table 4. Back calculated length increments in millimeters of smallmouth buffalo from
Rough River Lake, Kentucky, December 1979 - March 1980. Average total length for each
age group is in parenthesis.
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Figure 5.

Age group distribution of smallmouth buffalo
taken from Rough River Lake, Kentucky, December
1979 - July 1980.
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Figure 6.

Body-scale relationship of smallmouth buffalo
(N = 783) from Rough River Lake, Kentucky,
December 1979 - July 1980.
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129
100
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21

129

Growth in mm

% of TL

_
x Calculated
TL in mm

I

85

110

39

239

II

32

76

51

315

III

26

82

64

397

IV

11

42

71

439

V

8

37

77

476

VI

Age Groups

7

34

82

510

VII

4

20

85

530

VIII

5

24

89

554

IX

6

31

94

585

X

XI

6

35

100

620

smallmouth buffalo taken from Rough River Lake, Kentucky, December 1979-March, 1980.

Table 5.

Average back calculated total weights at time of annulus formation of

7 Increase

Growth in Wt.

% of TL

_
x Calculated
TL in mm

100

48

1

48

I

444

213

7

261

II

113

295

16

556

III

88

492

29

1048

IV

32

333

39

1381

V

25

342

48

1723

VI

Age Groups

21

358

59

2081

VII

11

231

65

2312

VIII

13

298

73

2610

IX

16

420

85

3030

X

smallmouth buffalo taken from Rough River Lake, Kentucky, December 1979-March 1980.

Table 6.

17

523

100

3553

XI

N.)
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Length-Weight Relationship
The length-weight relationship, W = 0.804-4 x TL2.7379
was determined for 783 smallmouth buffalo (Fig. 7).
Coefficient of Condition (K)
Average coefficient of condition for smallmouth buffalo
(N = 783) was 1.58.

K values ranged from 0.96 to 2.24.

The

cove rotenone specimens, of notably smaller average size,
had a higher average coefficient of condition (1.62) than
specimens taken in commercial netting (1.57).

The average

K value for each age group is given in Table 7.
Population Estimation
Standing Crop
A standing crop estimate of nine buffalo weighing
45.5 kg/ha (40.6 lbs./acre) of water in Rough River Lake
was determined from summer cove rotenone data (Table 8).
Since initiation of permit commercial fishing in 1978, the
number and weight of buffalo per acre has decreased while
the average weight of each fish has increased.

A population

of 45,900 buffalo was estimated to exist in the lake in
1980.
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Figure 7.

Length-weight relationship of smallmouth buffalo
from Rough River Lake, Kentucky, December
1979 - July 1980.
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Table 7.

Average coefficient of condition (K) for

smallmouth buffalo (N = 783) by age group from Rough River
Lake, Kentucky, December 1979 - July 1980.

Age
Group

x K

II

1.85
1

Table 8.

III

IV

1.86

1.52

1

7

V

VI

VII

VIII

IX

X

XI

1.55

1.57

1.65

1.63

1.55

--

2.01

121

419

186

43

4

1

Number, total weight, and average weight of

buffalo per hectare in Rough River Lake from 1975 through
1980 as indicated by cove rotenone studies.

No. of Fish/hectare
Kg of Fish/hectare
Average Fish Wt.
in kg

1975

1976

1977

1978

1979

1980

14

7

6

7

4

4

121

64

52

66

47

46

1.41

1.54

1.32

1.50

1.91

2.04

DISCUSSION
The effects of controlled harvest on some biological
characteristics of smallmouth buffalo in Rough River Lake
were negligible as evidenced by data provided in this study.
Determination of the effects of controlled harvest on the
number, distribution, and density of buffalo larvae in 1980
was precluded by non-optimum water levels, being below
shoreline vegetation, during the spawn.

Findings of Martin

et al. (1964) and Hoyt (1979) suggested buffalo spawned
maximally in sloughs and shallow, weedy, shoreline areas.
The absence of this optimum spawning habitat was considered
the primary reason an extensive spawn was prevented in
Rough River Lake in 1980.

When surface water temperatures

reached 19.5 C on 22 April, 1980, (one month prior to the
appearance of buffalo larvae in this collection), they were
well within the spawning range previously described for the
species of 15-23 C (Hoyt 1979).

The spawning activity

observed on 2 May at 19 C was probably not that of buffalo,
but carp.

Eggs collected on that date were incubated in

the laboratory and resulted in the hatching of carp.
Hoyt (1979) reported the disappearance of buffalo
larvae larger than 9 mm in 1978 compared to 10 mm in this
study.

It was thought that the disappearance was probably

due to a change from "endogenous to exogenous" food sources
30

31

causing larvae to move into "nursery areas" where normal
sampling techniques were precluded.

This, in conjunction

with very low densities of buffalo larvae to begin with
would seem to be equally applicable in this study.
The distribution of buffalo larvae in 1980 was similar
to that in 1978 (Hoyt 1979).

Larvae first appeared

simultaneously in both Peter Cave Creek and South Fork
collecting stations

but disappeared in the more shallow

Peter Cave Creek first, followed by the South Fork station
in the main lake channel.
A larval density of 0.213 fish/100 m3 for both
stations was approximately one-half that of 1978 reported
by Hoyt (1979).

Compared to reports of maximum

concentrations of 9.48 buffalo/25 m3 of water filtered in
Nickajack Reservoir (Walker et al. 1974) a low number of
buffalo in this study was indicated.
Buffalo species in Rough River Lake (1979-80)
represented the dominant marketable species from the lake
as has been reported historically since its impoundment
(Laflin and Renaker 1969, Hoyt and Flynn 1974, Hoyt et al.
1976, and Hoyt 1979).

It was felt harvest was intensive

enough to illicit a response by the remaining population
of buffalo.
Age
The range in age groups from II through XI was similar
to that reported by Schoffman (1944) in Reelfoot Lake,
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Tennessee, Jester (1973) in Elephant Butte Lake, New
Mexico, and Hoyt (1979) in Rough River Lake, Kentucky.

Age

Groups II and III were represented only in cove rotenone
sampling.

The absence of Age Groups II and III was a

function of the 9 cm minimum mesh netting allowed in the
harvest of fishes in Kentucky which was selective for older
and larger buffalo.

Wrenn (1968) reported smallmouth

buffalo to be of Age Groups V-VI before becoming abundant
in commercial catches.

The dominance of Age Groups VI-VII,

in Rough River Lake in 1979-80, was similar to that of
1978-79 (Hoyt 1979).

This phenomenon of dominant year

classes in smallmouth buffalo has also been reported by
Walburg and Nelson (1966) and Jester (1973) as a cyclic
occurrence.
Growth
Average total length of buffalo harvested commercially
in 1979-80 was similar to 1978-79, 512 mm and 515 mm,
respectively.

The greatest growth increments occurring

during the first year of life in this study was also
reported by Walburg and Nelson (1966) in Lewis and Clark
Lake, Missouri.

Martin et al. (1964) indicated buffalo to

characteristically have the largest increments in TL during
the second year of life in Watts Bar, Tennessee.

However,

Hoyt (1979) found decreasing population numbers from
1976-79 in Rough River Lake, resulting from commercial
harvest, to accompany increased first year growth.
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Seventy-nine percent of the total length occurred in the
first six years of life of individuals in this study
compared to 80 percent of the total length attained by
the
fourth annulus in those fish collected by Hoyt (1979)
.
According to these figures, the fish collected in 1978-7
9
were being recruited into the population of harves
table
fish sooner than the fish in 1979-80.

The differences in

growth rates for the two years could not be explai
ned.
Total length increased only 217 in the remaining five
Age
Groups (VII-XI).

The smallest percentage increase in total

body length occurred in 1976 when only a 1% or 3 mm
increase
occurred.

The slight increase in total length increments

after 1976 may be a result of that one poor growth
year and
a return to more normal conditions following that
period of
time.

Longer total lengths in commercially harvested fish

in comparison to cove rotenone obtained fish is a
function
of the 9 cm mesh utilized in commercial harvest operat
ions
selecting for larger and usually longer buffalo, while
rotenone sampling was the opposite, selecting for
relatively
smaller and usually shorter buffalo which are more
likely
to be found in cove areas (Hoyt 1979).
Average total weight of 2.1 kg (4.7 lbs.) in 1979-80
was similar to 2.2 kg (4.8 lbs.) in 1978-79 (Hoyt
1979).
This condition, as observed for total length, was a
function
of commercial tackle.

The greatest percentage of weight

gain in the later years is normal for species of fish and
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is described by the Cube Law which states that fish grow
in length to the cube of the weight.

A reduction in weight

gain in 1976 as described earlier for length was the lowest,
a 2% increase.
Coefficient of Condition (K)
The average coefficient of condition for all
commercially harvested smallmouth buffalo in 1979-80 was
1.58, identical to the average K value in 1978-79 (Hoyt
1979).

Average K for Age Groups II-XI did not show a clear

trend of increasing progressively with age as reported by
Hoyt (1979).

Age Groups II and III had abnormally high K

value, but were represented by only one specimen each.
Higher average K value in cove rotenone specimens resulted
from a faster increase in weight per unit length than in
adult harvestable individuals.

This may have been a result

of commercial "thinning" of the population as described
by Martin et al. (1964).
The dominance of Age Groups VI and VII in 1978-79 and
1979-80, average total length of commercially harvested
fish for both years (515 and 512 mm, respectively), average
total weights for both years

.2.2 kg (4.8 lbs.) and 2.1 kg

(4.7 lbs.), respectiveri , were similar.

These

similarities, in conjunction with identical values of K for
boty years of 1.58, seem to indicate the Age Groups IV-XI
have stabilized to some extent and are responding similarly
on an annual basis to commercial exploitation.
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Cove rotenone data, upon which population estimates
have been traditionally based, did provide some insight into
some effects controlled harvest (1977-80) has had on the
buffalo population in Rough River Lake.

The 1980 population

estimate of 45,900 buffalo was a 50% reduction from the
1978 estimate of 91,800 following the first year of
intensive commercial harvest.

Estimated biomass was also

reduced from 131,544 kg (290,000 lbs.) to 94,848 kg
(209,100 lbs.) between 1978 and 1980.

A similar reduction

in density and biomass of smallmouth buffalo following
harvest as indicated by cove rotenone data in this lake was
reported by Jester (1973) in Elephant Butte Lake, New
Mexico, but was replaced by carpsuckers.

In Rough River

Lake, the most likely ecological equivalent to buffalo was
the carp as similarly described by Martin et al. (1964) in
Watts Bar, Tennessee.

Buffalo have been shown to be

dominant to carp in cases of direct competition (Hendricks
1956) and if removed in greater quantities, may lead to
replacement by carp.

However, no such replacement has yet

been indicated in Rough River Lake.
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